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Section I. (Ameiidm£iit to the Claims) 

Please amend claims 1. 3, 7-8, 10-1 1, 15, 20-21, 23, 24, 26, 27-28, 32, 35, 39, and 49-51, as set out below 
in the listing of claims 1-51 of the application. 

1. (Currently amended) A plasma-assisted dry etching method for etching ft an Ir-bascd noble metal 
material, said method comprising: 

contacting the Ir-based noble metal material with an energized plasma composition comprising an 
etching species mixture for sufficient time to at least partially etch said Ir-baged noble metal 
material, wherein the etching species mixture comprises (i) at least one halogenated compound 
selected from the group consisting of organic halogenated compoimdsj inorganic halogenated 
compounds and mixtures thereof, and (ii) an oxidizing agent selected from the group consisting 
of ffiicygte Qi and ^^ie gases, wherein the volumetric ratio of said at least one halogenated 
compound over said oxidizing agent is in a range of from about 4 to about 0.5, and wh<a:ein the 
energized plasma composition contacting the Ir-bascd noble metal material lacks nitrogen- and 
phosphorous-containing specie s, and wherein the n o bl o m e tal mat e rial compriseG Ir , 

2. (Cancelled). 

3. (Currently amended) The method according to claim 1, wherein the etch species mixture 
comprises CjF^ in th e pr e s e nc e of and O2, 

4. (Original) The method according to claim 1, wherein the energized plasma is energized by 
electromagnetic radiation, 

5. (Original) The method according to claim 4, wherein the electromagnetic radiation has a 
frequency ranging from about 1 x 10^ to about 1x10^^ Hertz. 

6. (Cancelled). 

7. (Currently amended) The method according to claim 4, wherein the Ir-based noble metal material 
comprises liOj^ 
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8. (Currently ametided) Tho mothod - acoording to claim 3 A plasma-assisted dry etching method for 
etching an Ir-based noble metal material, said method comprising: 

contacting the Ir-based noble metal material with an energized plasma composition com prising ar\ 
etching species mixture for sufficient time to at least paitjallv etch said Ir-based noble metal 
material, wherein the etching species mixture comprises (i) at least one halogenated compound 
selected from the grouT) consisting of organic habgenated compounds. Jnorganio halogenated 
compounds and mixtures thereof, fii'^ an oxidizing agent selected from the group consisting of 
oxygen and ozone, wherein the - OHergiz e d plaisma furth e r oompris es and (iii) a co-reactaut to assist 
in the volatilization and removal of iridium products from the Ir-bascd noble metal material^_and 
wherein the energized plasma composition contacting the Ir-based noble metal material lacks 
nitrogen- and phosphorous-containing species . 

9. (Previously presented) The method according to claim 8 wherein the co-reactant precursor is 
selected from the group consisting of elemental sihcon and quartz, 

10, (Currently amended) Th e m e thod according to olaim 3 A plasma-assisted dry etching method for 
etching an Ir-based noble metal material , said method comprising: 

contacting the Ir-baged noble metal material with an energized plasma composition comprising an 
etching species mixture for sufficient time to at least partially etch said Ir-based noble metal 
material, wherein the etching species mixture comprises wh e r e in th e e toh sp e oi e a mixture further 
compris e s XeF ^.. and wherein the energized plasma compositjon contactine the Ir-bascd noble 
metal material lacks nitrogenr_and phosphorous-containing species , 

1 1, (Currently amended) The method according to claun 4- i wherein the oxidismg - g afi-e eHipris e s an 
oxidant sclcetcd - fr ' Om^o group consiGting volumetric ratio of &Fj Over O ^, and O^^ is about 1 . 

12, (Previously presented) The method according to claim 1, wherein the energized plasma is 
energized in a downstream microwave processing system. 

13. (Original) The method according to claim 12, further comprising the removing at least one 
iridium product in the course of the etching process. 
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14. (Original) The method according to claim 1, wherein the halogenated organic compound 
comprises a compound selected from the group consisting of CjF^, QCl^Fj^ C^Fj, C^Fg, 
C2CI2F4, C2CIF3, CCIF3, CCI3F and CCljFj. 

15. (Currently amended) Th e m e thod aocording to claim M A nlasma-assisted dry etching method 
for etching an Ir-bassd noble metal material, said method comprising : 

contacting the l:-based noble metal material with an energized plasnja composition comprising an 
etching species mixture for sufficient time to at least partially etch said Ir-based noble metal 
materials wherein the etching species mixture comprises (i) a halogenated organic conqiound 
oomprisca CJF^. iti oombination with - the fii) a halogenated inorganic compound XeF 2,_and (iii).an 
oxidizing gas selected from the group consisting of oxygen and ozone, and wherein the energized 
plasma composition contacting the Ir-based noble metal material lacks nitrogen- and 
phosphorous-containing sp&cica . 

16. (Original) The method according to claim 15, wherein the energized plasma further comprises 
reactive species formed by reacting C^F^ with elemental silicon. 

17. (Original) The method according to claim 16, further comprising the removal of at least one 
iridium product during the etching process, 

1 8. (Original) The method according to clajm 17, wherein the at least one iridium product comprises 
an indium-containing composition selected from the group consisting of IrSi2F4, lrSi3F6, and 
IrSi4F6, 

19. (Original) The method according to claim 16, wherein the oxidizing gas comprises O2. 

20. (Currently amended) ITie method according to claim 1, wherein the Ir-based noble metal material 
is deposited on a high temperature dielectric material or ferroelectric material. 

2 1 . (Currently amended) A method of fabricating a microelectronic device structure, comprising: 

(a) depositing a an Ir-based noble metal material on a substrate , wh e rein th e nobl e m e tal 
material compris e s Ir; 

4 



PAGE 6/21 * RCVD AT 8/30/2004 1 :43:35 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/2 * DN1S:8729306 ' CSID:203 797 2544 * DURATION (min-ss);05-58 



AUG. 30. 2004 1;47PM ATMI LEGAL FAX 203-797-2544 



NO. 1161 P. 7/21 



Patent Application 
2771-272 CIP 

(b) forming a pattern on tbe deposited Ir-based noble metal material of a desired 
configuration; 

(c) contacting the deposited Ir-based noble metal material with an energized plasftna 
oonaprising an etching species niixture, to thereby etch the Ir-based noble metal material, wherein 
the etching species mixture comprises (i) at least one halogenated compoxind selected from the 
group consisting of organic halogenated compounds, inorganic halogenated and mixtures thereof, 
and (ii) an oxidizing agent selected from the group consisting of es^^geft Q2 and esoae gases, 
wherein the volumetric ratio of said at Icagt one halogenated compound over said oxidizing agent 
is in a range of from about 4 to about Q.5. and wherein the energized plasma composition 
contacting the noble metal material lacks nitrogen-and phosphorous-containing species; and 

(d) continuing step (c) for a sutBcient tune and under sufficient conditions to form the 
microelectronic device structure or a precursor thereof. 

22. (Cancelled). 

23. (Currently amended) The method according to claim 21, wherein the etch species mixture 
comprise C2F6 in the proconoo of and Oj. 

24. (Currently amended) The method according to claim 23, wherein tlie energized plasma is 
energized by electromagnetic radiation. 

25. (Previously presented) The method according to claim 21, wherein the electromagnetic radiation 
has a frequency ranging from about 1 x 10^ to about 1 x 10^^ Hertz. 

26. (Currently amended) Th e m e thod Qocordmg to claim 25 A method of fabricating a 
microelectronic device structure, comprising: 

fa) depositing an Ir-based noble metal material on a substrate: 

fb) forming a pattern on the deposited Ir-based noble metal .materia_I_._Qf_a_des.ired 
pjonftgnration: 
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(c) contacting the deposited Ir-based noble metal material with an energized plasma 
comprising an etching species mixture^ to thereby etch the Ir-bascd noble metal material, wherein 
the etching species mixture comprises fi) .at least one halogenated compound selected from the 
group consisting of organic. halogenated compounds, inorganic halo^enated and mixtures thereof. 
(ni an oxidizing agent selected from the ^up consisting of oxv|?en and ogione , \^ieF^B-^fee 
oncrgizod pla s ma further oompriscg and fiii) a co-reactant to assist in volatilization and removal 
of iridium products from the Ir-hased noble metal material > wherein the co-reactant precursor is 
selected from the group consisting of elemental silicon and quart z, and wherein the energized 
plasma composition contacting the Ir-based noble metal material lacks nitrogen-and phosphorous- 
containing: species; and 

(d) continuinfi_$t.ecL_('c)_for a sufficient time and under sufficient conditions to form the 
microelectronic device structure or a precursor thereof . 

27. (Currently amended) The method according to claim ^ 23, wherein the oxidizing gag includoq on 
oxidant S 6 l 6 0ted - fi = om4h s ^oup^on5isting volumetric ratio of C^F gOver O2 , and 0 » is about L 

28. (CurreEiitly amended) The meth od aocording to claim 23 A method _Qf fabricating a 
microelectronic device structure, comprising: 

(a) depositing an Ir-based noble metal material on a substrate: 

fb^ forming a pattern on the deposited Ir-based noble metal material of a desired 
configuration: 

(c) contacting the deposited Ir-based noble metal material with an energized plasma 
comprising an etching species mixture, to thereby etch the Ir-based noble metal material, wherein 
the etching species mixture comprises whorcin th e e nergized plajjma furth e r compris e s Xe F?, and 
wherein the eneifflzed plasma composition contacting the Ir-based noble metal material lacks 
nitrogen-and phosphorous-containing species: and 

fd) continuing step (c) for a sufficient time and under sufficient coilditions to form the 
microelectronic device structure or a precursor thereof . 
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29. (Original) The method according to claim 26, further comprising removing at least one iridium 
product during the etching process. 

30. (Original) The method according to claim 21, wherein the halogenated organic compound 
comprises a compound selected from the group consisting of C^F^ C2CI5F3, QFs, CsFa, CjFsj 
C2CI2F4, C2CIF3, CCIF3, CCI3F and CClzFj. 

31. (Previously presented) The method according to claim 21, wherein the halogenated organic 
compound comprises CJFe. 

32. (Currently amended) ^ ^ hc — mo^od accordbig to claim 31 A method of fabricating _a 
micrQelectronic device structure^ comprising: 

(a) depositing an Ir-based noble metal material on a substrate: 

(hi) forming a pattern on the deposited Jr-based noble metal material of a desired 
configuratjon: 

fc) contagtmg _the_ deposited Ir-based noble metal material with an energized plasma 
comprising an etching species mixture, to thereby etch the Ir-based noble metal material, wherein 
the etching species mixture comprises (i) QF/q, and (ii) whoroin th e o ncrgig e d ^ plaflmii - furlli e r 
compris e s reactive species formed by reacting C2Ffi with a co-rcacting species selected firom llie 
group consisting of elemental silicon and quart z, and wherein the energized plasma composition 
contacting the Ir-based noble metal material lacks nitrogen-and phosphorQus-containing species: 
and 

fd) continuing step fc^ for a sufficient time and under sufficient conditions to form the 
microelectroiuc device structure or a precursor thereof . 

33. (Original) The method according to claim 32, further comprising removal of at least one iridium 
product in the etching process. 

34. (Original) The method according to claim 33, wherein the at least one iridium product comprises 
sn iridium composition selected from the group consisting of IrSiFs IrSi2F4, IrSiaFs, and IrSi4F«. 
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35. (Currently amended) A method for removing a noble metal residxie froiu a microelectronic device 
structurBj the method comprising: 

contacting the microelectronic detvice, having deposited thereon a noble metal residue selected 
from the group consisting of platinum, palladium, iridium and rhodium, with a gas-phase reactive 
composition comprising (i) a halide component selected from the group consisting of SF^, SiJ?^ 
Si2F<s, SiF2 radical and SiF3 radical, and (ii) an oxidizing ps selected from the group consisting of 
oxyg e n and eaeae O- ^ gases , in an amount to remove noble metal residue from the 
microelectronic device strticture, wherein the volumetric ratio of said halide component over said 
oxidizing gas is in a range of from about 4 to about Q.5. and wherein the gas-phage reactive 
composition lacks nitrogen-and phosphorous-containing species. 

36. (Original) The method according to claim 35, wherein the halide is selected from the group 
consisting of SFe, SiF4. and Si2F6. 

37. (Original) The method according to claim 35, wherein the halide comprises SF^, 

38. (OrigiQal) The method according to claim 35, wherein the hahde is selected from the group 
consisting of SiFa and SiF^ radicals, 

39. (Currently amended) The method aoo o rdii i e^o - claim 35 A method for removing a noble metal 
residue from a microelectronic device structure, the method comprising: 

contacting the microelectronic device, having d^osited thereon a nQbl.e_m_&tal_re5idue selected 
from the group consisting of platinum, palladium, iridiiim and rhodiuTru with a gas-phase reactive 
composition comprising (i) a hahde component wherein tho halido io selected from the group 
consisting of SiF^ and SiF^ radicals and tho halido is generated by reaction of XeF2 with silicon:, 
and fii) an oxidizing gas selected from the group consisting of oxygen and ozone, in an amount to 
remove noble metal residue from the microelectrontc device structure, wherein the gas-phase 
reactive composition lacks nitrogen-and phosphorous-containing species , 

40. (Original) The method according to claun 35, wherein the halide is selected from the group 
consisting of SiFa and SiFi radicals and the halide is generated by passing SiF4 through an 
energetic dissociation source. 
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4L (Original) The method according to claim 40, wherein the ener^getic dissociaticoi source is 
selected from the group consisting of plasma sources, ion sources, ultraviolet sources and laser 
sources. 

42. (Original) A method for removing from a microelectronic device structure, a noble metal residue 
comprising iridium, the method comprising: 

contacting the microelectronic device structure with a gas-phase reactive halide comprising XeF2 
and an agent to assist in volatilizing and at least partially removing the noble metal residue from 
the microelectronic device structure, 

/ 

43. (Original) The method according to claim 42, wherein the agent is selected from the group 
consisting of carbon monoxide, trifluorophosphinej and trialkylphosphines, 

44. (Original) The method according to claim 43, wherein the agent frirther comprises an iridium 
halide species selected from the group consisting of Ir(X)i, JxQC)^^ IxQQ^ and Ir(X)6, wherein X 
represents the halide of the reactive halide composition. 

45. (Original) The method according to claim 42, wherein, the gas-phase reactive halide composition 
frirther comprises a gas phase reactive hahde species selected from the group consisting of SiF4, 
Si2F(;, SiF2 radical and SiFs radical; and the microelectronic device structure is frirther contacted 
with an agent to assist in volatilizing and removing the noble metal residue on the microelectronic 
device structure. 

46. (Original) The method according to claim 42, wherein the agent is selected from the group 
consisting of Lewis bases and electron back-bonding species. 

47* (Original) The method according to claim 42, further comprising disposing the microelectronic 
device structure in a chamber and introducing a gas phase reactive halide composition selected 
from the group consisting of SFe, SiF4 and Si^Fe that is continuously flowed through the chamber, 
in combination with an energetic dissociation source selected from the group consisting of plasma 
sources, ion sources, ultraviolet sources and laser sources. 
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48. (Original) The method according to claim 42, further comprising disposing the mioroeleotronic 
device structure in a chamber and introducing a gas phase reactive halide composition selected 
from the group consisting of SiF2 and SiF^ that is continuously flowed through the chamber, in 
combination with an energetic dissociation source selected from the group consisting of plasma 
sources, ion sources, ultraviolet sources and laser sources. 



49. (Currently amended) A method for removing from a microelectronic device structure a noble 
metal residue including at least one metal selected from the group consisting of platinum, 
palladium^ iridium and rhodium^ the method comprising: 

contacting the microelectronic device stmoture with a gas-phase reactive composition 
coraprising^i} Sip4 in a sufficient amount to at least partially remove noble metal residu e, and 
(ii) an oxidizing gas selected from the group consisting of and gases, 

wherein the gog - phag e composition further oompriricS an volumetric. ratio_of . SiF^__Qver said 
oxidizing gas s olcotcd fromtho group consisting of oxygen and ozone is in a ran^e of from about 
4 to about 0,5 . 

50. (Currently amended) A method for removing from a microelectronic device structure a noble 
metal residue including at least one metal selected from the group consisting of platinum, 
palladium, iridium and rhodium, the method comprising; 

contacting the microelectronic device structure with a gas-phase reactive halide composition 
comprising £i} SijT^ in a sufficient amount to at least partially remove noble metal residue^jtnd 
(u\ an oxidizing gas selected from the grout) consisting of and gases^ 

wherein the volumetric ratio of Si^ F jj over said oxidizing gas is in a range of from about 4 to 
about 0.5 . 

51. (Currently amended) A method for removing from a microelectronic device structure a noble 
metal residue including at least one metal selected from the group consisting of platinimi, 
palladium, iridium and rhodium, the method comprising contacting the microelectronic device 
structure with a gas-phase reactive halid© composition comprising : 0) a halide component 
selected from the group consisting of SFd, SiV^y Si^Fe, SiFa radical, SiF3 radical, and XeF2, in an 
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amount effective to at least partially remove the noble metal residue ^ th e gas phas e composition 
(a) further comprisin g and fii> an oxidizing gas selected from the group consisting of oxy gen 
and ozone O^. wherein the yolumetric ratio of said halide component over 5aid_Qxidizinj9; gas is tn 
a range of from about 4 to about 0.5. and (b) laolong wherein said gas-phase reactive composition 
a nitrogen- and phosphorous-containing species. 



11 



PAGE 13/21 * RCVD AT 8/30/2004 1:43:3S PW [Eastern Daylight Time] * SVR^ 



